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1the "shakiiig out" method for the quantitative estimation
of alkaloids iii
the effect of clarification' and "salting outh
introduction
Discussion
The most widely used method in alkaloidal assay is the "shaking
out" method. It is based on the principle that the alkaloidal salts are,
as a rule, soluble in water and insoluble in organic solvents, while the
alkaloids are, with few exceptions, insoluble in water and soluble in
organic solvents. This processes used in the isolation of alkaloids from
plants. In this case the plant is ground, and digested with water to dis-
solve the alkaloidal salt, the alkaloid is precipitated with alkali, or
lime, and then extracted with ether, or chloroform, steam distilled, or
filtered off.
2
In most cases the alkaloid is extracted from the sample with
dilute acid, and then shaken out with organic solvents in order to remove
impurities which would Interfere with the final extraction. The aqueous
solution is then made alkaline with ammonium hydroxide, and again shaken
out with the solvent. Further purification can be made by a second extrac-
tion with acid followed by shaking out in alkaline solution with more of
the immiscible solvent. The solvent is removed by evaporation, and the
alkaloid determined either by drying, and v/eighing, or by dissolving the
residue in standard acid, and titrating the excess acid with standard
alkali.
Beal and Lewis2 have shown that in this process several sources
of error are Introduced. In the first place, the alkaloidal salt may be

2slightly soluble in the organic solvent. There is also the possibility of
the salt being hydrolyzed into free alkaloid, and acid. The free alkaloid
would dissolve in the organic solvent, and consequently the final results
would be low.
The work described in this paper was undertaken for the purpose
of determining the percentage of alkaloid removed by one extraction, and
as far as time would permit, the number of extractions necessary for com-
plete removal. Also to determine the best solvent for extraction, and the
correct ratio between solvent and solute. The effect of lead acetate upon
three of the alkaloids was also studied.

3HISTORICAL
Kippenberger3 in 1897 suggested the use of chloroform, or chloro-
form containing a little alcohol as solvents. He also studied the action of
the alkaloidal salts of hydrochloric, sulphuric, tartaric, and oxalic acids.
The work of Proelss^ in 1901 showed that the test shaking out liquid for
alkaloids in general is chloroform. This has "been confirmed by Springer^
in 1902, who studied the effect of chloroform on the extraction of morphine,
coniine, narcotine, strychnine, quinine, codeine, veratrine, and cocaine
from solutions made acid with sulphuric, phosphoric, hydrochloric, tartaric,
acetic, oxalic, and citric acids* His conclusion is that chloroform is a
good solvent for hydrochloric acid salts of the alkaloids*
In addition to the work mentioned in the introduction, Beal and
p
Lewis have carried out a series of experiments designed to determine the
equilibrium conditions for the partition of the alkaloids, and alkaloidal
salts between aqueous neutral, and acid solutions, and an immiscible
solvent (chloroform, or ether), and to calculate the extraction factors
under the various equilibrium conditions examined, as well as those re-
ported in the literature*

4PART I
Cinchonine
The extraction of cinchonine was first studied* several analyses
were ran before the proper conditions for extraction were found. #2000
gram of the pure alkaloid was dissolved in 20-30 cc of 0*16 normal acetic
acid, 2 cc of lead acetate added, and the lead precipitated with hydrogen
sulphide, filtered, and the precipitate washed thoroughly with water. The
solution was made alkaline with 1.272 normal sodium hydroxide in a separa-
tory funnel, and shaken for three minutes with 50 cc of equal portions of
ether and chloroform. The chloroform-ether layer was then removed, and
evaporated to dryness on a steam bath, and dried at 100° to constant weight.
The extraction was repeated until all of the alkaloid had been removed.
Humber 1 of Table I gives the result of these extractions.
In the remaining extractions of cinchonine the above procedure
was modified as follows: 10 cc of a stock solution of cinchonine in acetic
acid was used for the analyses. This was diluted to 95 cc and 5 cc of 1:52
normal ammonium hydroxide added, which precipitated the alkaloid. The
mixture was shaken for five minutes with 100 cc of ohloroform, the solvent
evaporated, and the residue dried and weighed as in the above experiment.
The extraction was then repeated with a ratio of solvent to water
of 1:2. The same procedure was followed using as solvents, ether and a
mixture of chloroform and ether in the proportion of two parts of chloroform
and one part of ether. The remaining part of Table I gives the results of
these extractions.

5Conclusions
It may "be concluded that lead acetate may be used for the clarifi-
cation of cinchonine solutions without fear of precipitation of the alkaloid
as a lead compound. The fact that eight extractions were required to remove
all of the alkaloid in the first experiment shows that the proper ratio of
solvent to solute was not found, or that ether and chloroform in the propor-
tion 1:1 is not the best solvent for extraction*
In experiments 2 to 12 inclusive, more consistent results were ob-
tained, chloroform, and a mixture of chloroform and ether giving the best
results. These results follow directly the statement made by J. ITowak that
cinchonine, quinine, and quinidine, and a few more alkaloids were quickly
extracted with chloroform in the cold*
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7PART II
Quinine
In the extraction of quinine no lead acetate was added since this
effect was studied by Beal and Hamilton in 1917 • Quinine hydrochloride
was used for the analysis. 10 cc of the stock solution of the hydrochloride
in water was diluted to 95 cc, and the alkaloid freed from its salt by the
addition of ammonium hydroxide. The extraction was carried out in the same
way as the latter part of the experiments with cinchonine, using the same
ratio between solvent and solute. The results of the experiments on quinine
are given in Table II following.

Conclusions
The literature suggests as the extraction solvent, ether,
chloroform, or a mixture cf the two. In the same reference it is stated
that quinine is readily soluble in ether. The results obtained in these
determinations indicate that chloroform is the best solvent for the extrac-
tion of quinine* The low results obtained from the ether extraction, and
the chloroform and ether extraction indicate that in this particular case
the ratio 1:2 is not so good for extraction as the ratio 1:1.
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PART III
Cinchonidine
The effect of lead acetate on the extraction of clnchonidlne was
next taken up, 12*5 cc of a stock solution of cinchonidine sulphate in H^O
was used for each analysis* Two cc of lead acetate was added and the finely
divided white precipitate of lead sulphate filtered off, and the excess lead
removed as in the case of cinchonine. The rest of the procedure was carried
out in the same way as the quinine extraction, using first chloroform, then
ether, then a mixture of the two, and varying the ratio between solvent and
solute.
Table III shows the results obtained in these determinations.

11
Conclusions
In calculating the percentage of alkaloid recovered the results
must be calculated in terms of the pure cinchonidine. This is done by multi-
plying the weight of cinchonidine sulphate taken by the factor .7946, which
is the ratio between the sulphate and the free alkaloid.
The results again give evidence that chloroform is the best solvent
among those studied for extraction. Apparently the addition of lead acetate
for clarification has no effect upon the extraction of the alkaloid. This
is what was expected, since the use of lead acetate has been found to have
no harmful effect in the case of a number of other alkaloids.
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PART IV
Quinidine
In studying the effect of lead acetate on the extraction of
quinidine, the same general procedure was followed as with cinchonidine
above, Quinidine sulphate was used for the experiments, the sulphate pre-
cipitated with lead acetate, the excess lead precipitated with hydrogen
sulphide, the precipitate filtered off, and washed thoroughly. Extraction
was carried out in the same manner as above.
Table IV shows the results obtained in these determinations.

14
Conclusions
As was the case with cinchonidine the results obtained must "be
calculated in terms of the free alkaloid. The factor to be used in this
case is •8287, From the results obtained it would seem that ether is a
9better solvent for quinidine than is chloroform. Allen states that quinl-
dine is sparingly soluble in ether, and not very soluble in chloroform.
The use of lead acetate again has no noticeable effect upon the
percentage of alkaloid recovered.
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